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Conductimetric and Spectrophotometric Determination of the 
Volatile Acidity of Wines by Flow Injection" 
Flavio Guimaraes Barros and Matthieu Tubinot 
lnstituto de Quimica, Universidade Estadual de Campinas, CP 6154, 13081 Campinas, Sao Paulo, Brazil 
Usual methods for the determination of the volatile acidity of wines are relatively slow, as about 40 min are 
necessary t o  perform one analysis. In this work, a method was developed which provides results in a much 
shorter time. About 60 analyses can be performed in 1 h. The conductimetric analysis consists of the injection 
of the wine sample into a de-ionized water stream which then f lows past a poly(tetrafluoroethy1ene) 
membrane separator. The acetic acid diffuses through the membrane into another water stream that passes 
through a conductivity cell. The spectrophotometric method is similar. The acetic acid diffuses into a stream 
of Bromocresol Purple solution, at pH 7.0, which passes through a f low cell in a spectrophotometer set at 
540 nm. For comparison, analyses were also carried out by the method of Jaulmes. 
Keywords: Flow injection; volatile acidity; wine; conductimetry; spectrophotometry 
Fonzes-Diacon and Jaulmes' defined volatile acidity for wines 
as: 'The volatile acidity is the assembly of the fatty acids of the 
acetic series that are in the wine. The lactic and succinic acids 
and also carbonic acid and the free and combined sulfurous 
anhydride are excluded from the volatile acidity'. The most 
recent official definitions are usually very close to this concept. 
The known methods for the determination of volatile 
acidity are based on distillation processes. Among these 
methods the more usual ones are those of Duclaux,* Ferr6,3 
Jaulmes4 and the Cash-Still method.5 All these involve 
distillation and are slow, in addition to being subject to a 
variety of errors. 
The first method is essentially an ordinary distillation 
whereas the other three are steam distillations. The method of 
Jaulmes, however, involves use of a column containing a 
helicoidal band of inox (stainless steel) screen to avoid 
distillation of non-volatile acids such as succinic and lactic 
acids. In all these methods the distilled acid is titrated with 
standard NaOH solution, after which it is necessary to carry 
out a titration with I2 to determine the concentration of SO2 
that must be subtracted from the result obtained in the NaOH 
titration. 
Flow injection (FI),b which is essentially the introduction of 
a sample into a solution stream continuously passing through a 
detector, is a very important methodological innovation in 
analytical chemistry, which is customarily characterized by 
simple chemical processes, low-cost apparatus, easy manipu- 
lation and ability in yielding results that are usually of good 
quality. The use of an FI system, with a gas-diffusion 
membrane,' to separate volatile acids from wine, allows very 
good quality results in a rapid process. About 60 (spectropho- 
tometric) or  80 (conductimetric) samples can be analysed in 
1 h. 
Similar systems have been used previously to determine the 
volatile acidity of vinegars8 and spoilt beer.9 
Experimental 
Materials 
A standard solution of approximately 1% m/v of acetic acid 
(analytical-reagent grade) was prepared and titrated. Solu- 
tions of 0.02, 0.04, 0.06, 0.08 and 0.10% m/v in acetic acid 
were obtained from this solution by dilutions to 100.0 ml. 
Bromocresol Purple (BCP)  solution (1 X 10-4 mol dm-3). 
Prepared by dissolving 0.27 g of BCP in 10 ml of ethanol, the 
* From the M.Sc. Thesis of F. G. B.  
f To whom correspondence should be addressed. 
volume being diluted to 500 ml with water; 50ml of this 
solution were diluted to  500 ml to obtain the working solution. 
The pH was adjusted to 7.0 by dropwise addition of dilute 
NaOH solution. In order to avoid absorption of C 0 2  from the 
air, the BCP solution was kept in a bottle protected by a tube 
containing CaCI2-NaOH-CaCI2 (respite). The solution was 
pumped to the FI system by another tube. 
Water used in the experiments was always boiled (de- 
gassed) and de-ionized. 
Apparatus 
Peristaltic pump.  Ismatec mp13 GJ4. 
Conductimeter. Micronal Model B-331, connected to a 
Spectrophotometer. Single-beam Carl Zeiss Model PM2D 
Gas diffusion cell. This cell has been described previouslylo 
Conductimetric cell. This has been described previously. 1 0  
Sampling valve. This has been described previously. 11 
Volatile acidity is expressed, in this work, as mass (8) of 
chart recorder. 
set at 540 nm, connected to a chart recorder. 
and is similar to  that of van der Linden.' 
acetic acid in 100 ml of solution (wine). 
ml min-' L'\ c, r M e t e r  
A1 
A2 
I I 
W 
Fig. 1 Conductimetric FI manifold: T, ion-exchange resin column; 
P, peristaltic pump; S, sample inlet; V, sampling valve system; B, 
water-bath; M, diffusion cell; C, conductance flow cell; W, waste; and 
A, and A2. de-ionized water streams 
ml min-1 -
Fig. 2 Spectrophotometric FI manifold: P, peristaltic pump; S, 
sampling inlet; V, sampling valve system; M, diffusion cell; E, 
spectrophotometer; W, waste; A l ,  de-ionized water stream; and I ,  
BCP solution stream 
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Methods 
Conductimetric 
A schematic flow diagram for the conductimetric method is 
shown in Fig. 1. The injected sample (S), de-gassed wine, is 
combined with the de-ionized water carrier stream (A1), 
pumped at a flow rate of 1.26 ml min-1, and is passed through 
the coil L2 kept in a temperature-controlled bath. In the 
diffusion cell (M), acetic acid and other volatile components of 
the wine diffuse into another de-ionized and de-gassed water 
stream, which passes through the conductimetric cell (C). In 
order to guarantee de-ionization of the water stream A2, an 
additional ion-exchange resin treatment is carried out in a 
column (T) introduced into the system. The temperature 
control of the streams Al and A2 is performed in the coils L1 
and L2. The diffusion (M) and conductimetric cells (C) are 
also temperature controlled by the bath B, which is simply a 
circulating tap water-bath. The temperature (25 "C) was kept 
constant within k 0 . 5  "C or  less during the entire day. 
Spectrophotometric 
The flow system used for the spectrophotometric analysis is 
shown in Fig. 2. It is similar to that used for the conductimetric 
analysis. The ion-exchange column and water-bath are not 
necessary, and the detector is a spectrophotometer set at 
540 nm. The stream A2 carries the BCP (1 x 10-4 mol dm-3) 
solution. 
Results and Discussion 
Flow rates of the donor and acceptor streams were adjusted at 
1.26 ml min-1 as a function of the height of the signal, relative 
standard deviations and frequency of analysis. The same 
situation was found to be adequate for the spectrophotometric 
and conductimetric methods. 
The optimum concentration for BCP was found to be 1 X 
10-4 mol dm-3, at 540 nm, with the pH of the acceptor stream 
adjusted to 7.0. Other acid-base indicators were tested, such 
as Bromothymol Blue in an aqueous solution adjusted to 
pH 8.0. However, the results obtained were invariably higher 
than expected. 
In both the spectrophotometric and conductimetric 
methods, many different sampling loops (the volume of the 
loop is the volume of sample injected by the valve), of various 
materials, volumes and internal diameters were tested, as 
retention of acetic acid on the walls of the loops was observed. 
This phenomenon was responsible for an increase in the peak 
height of the decreasing calibration graph.8 As a complete 
study of the materials, sizes and diameters of the loops would 
be an exhaustive task, an empirical selection was made. 
However, special attention had to be paid to the choice of the 
size and material of the sampling loops for initiating either of 
the two methods. 
In this work, it was empirically established that either a 
polyethylene loop (volume 120 p1; 0.8 mm i.d.) or  a poly- 
(tetrafluoroethylene) (PTFE) (volume 62 p1; 0.9 mm i.d.) can 
be used in the conductimetric method without significant 
interference from retained acetic acid. For the spectropho- 
tometric method, a polyethylene loop (volume 240 PI; 1.6 mm 
i.d.) afforded the best results. 
In order to minimize the influence of the retention of the 
acetic acid in the loop, air was passed through it after each 
sampling. 
Carbon dioxide must be eliminated from samples before 
performing the analysis, as the gas diffuses through the PTFE 
micro-porous membrane, enhancing the resulting signal. This 
elimination is easily performed by subjecting the wine sample 
to low pressure, for about lOmin, with a water aspirator 
vacuum pump. 
As wines usually contain SO2 and sulfite it is necessary to 
oxidize these species to sulfate. Some drops (about 5) of 
H202, 0.5 volumes in about 10 ml of sample, are sufficient. 
The H202 must not be more concentrated than this, otherwise 
ethanol will be oxidized to  acetic acid, with a consequent 
increase in the values obtained. 
A typical FI profile for the conductimetric method is shown 
in Fig. 3. The FI profile for the spectrophotometric method 
can be seen in Fig. 4. The calibration graphs that correspond 
to these profiles are shown in Fig. 5. Five wines were analysed 
by each method, four being the same wines in both instances. 
The measurements of the concentrations can be obtained 
graphically or  by fitting first- and second-order equations for 
the spectrophotometric and conductimetric methods, respec- 
tively, by using an electronic calculator. The non-linearity of 
the calibration graphs in the conductimetric procedure can be 
Time - 
Fig. 3 Calibration and sample runs for the determination of volatile 
acidity (conductimetric system). From left to right: triplicate signals 
for acetic acid standards (0.02, 0.04, 0.06, 0.08 and 0.10 g of acetic 
acid per 100 ml of solution); triplicate signals for wines; standards in 
the reverse order. Polyethylene sampling loop. 120 pl (0.8 mm I.d.) 
t 
I _  
(D 
0 
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0.10 
,I0 min, 
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Time - 
Fig. 4 Calibration and sample runs for the determination of volatile 
acidity (spectrophotometric system). From left to right: triplicate 
signals for acetic acid standards (0.02, 0.04, 0.06, 0.08 and 0.10 g of 
acetic acid per 100 ml of solution); triplicate signals for wines; 
standards in the reverse order. Polyethylene loop (240 P I ;  
1.6 mm i .d.)  
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Table 2 Comparison between values obtained by the FI conductimet- 
ric, FI spectrophotometric and Jaulmes methods, using the statistical 
Student’s t-test. Tabulated r value for the degree of freedom (Y) 4 is 
2.776 (a = 0.05); Y = nl  + n2 - 2 and nl  = n2 = 3 in this instance 
Sample t l *  f 2 t  t3* t4§ t 5 l l  t6ll 
0.50 0.00 1.26 0.50 0.95 1.26 
0.50 0.50 0.32 1.00 0.00 0.32 
0.00 1.50 0.00 1.50 0.00 0.95 
0.50 2.00 1.50 2.50 2.00 0.50 
0.50 - 2.75 - 2.35 - 
- 0.50 
1(R) 
2(R) 
3(R) 
4(W) 
5(W) 
6(R) - - - - 
* ti ( i  = 1-6) is the calculated Student’s t values: tl = Lol versus Lo2. 
t t2 = Lol versus Loj. * f3  = Lol versus Jaulmes. 
t4 = Lo2 versus  LO^. 
7 rs = Lo2 versus Jaulmes. 
11  t6 = Lo3 versus Jaulmes. 
0 0.02 0.04 0.06 0.08 0.10 0.12 
Acetic acid/g per 100 ml of solution 
Fig. 5 Calibration graphs for the determination of volatile acidity. 
Details as in Figs. 3 and 4. h = Peak height in millimetres. A ,  
Conductimetric and B. spectrophotometric system 
~~ ~ 
Table 1 Volatile acidity of wines (g dl-1 acetic acid in wine) 
determined by the conductimetric and spectrophotometric FI systems 
and the method of Jaulmes4 
Spectro- 
Conductimetric photometric 
LOl* LO?? 
o = f 0.002g 
0.063 0.064 
0.065 0.064 
0.055 0.055 
0.034 0.033 
0.041 0.042 
Sample (YO m/v) 
W ) l I  
2( R) 
3(R) 
4( W)Il 
5(W) 
6(R) - - 
Lo3* 
0 = k0.002 
(Yo m/v) 
0.063 
0.066 
0.052 
0.038 
0.035 
- 
Jaulmes 
t o  
(% m/v) 
0.067 f 0.004 
0.064 k 0.004 
0.055 k 0.004 
0.037 k 0.002 
0.048 k 0.003 
0.034 -t 0.002 
* Lol = Loop 1, volume = 120 yl. i.d. = 0.8 mm, polyethylene. 
t Lo2 = Loop 2, volume = 62 yl, i.d. = 0.9 mm, PTFE. 
$ Lo3 = Loop 3, volume = 240 yl, i.d. = 1.6 mm, polyethylene. 
5 o = Estimates of standard deviation. 
1 (R) = Red wine. 
I( (W) = White wine. 
explained by the fact that acetic acid is a weak electrolyte and, 
as a consequence, conductivity is not linearly related to 
concentration. In the spectrophotometric method, deviations 
from linearity, as a consequence of the limitations of BFer’s 
law, were observed only above an acetic acid concentration of 
0.12% m/v, which is outside the working range. 
In Table 1, the values for the volatile acidity obtained by the 
FI conductimetric and spectrophotometric methods, and also 
by the known method of Jaulmes4 are reported. 
The statistical t-test9 was used to compare the results 
obtained by the proposed methods and also by the method of 
Jaulmes4 (Table 2). Except for the t value (2.75, t3 in Table 2), 
obtained when comparing the FI conductimetric result for 
sample 5 with the Jaulmes result, which is close to the 
tabulated limit (2.776),12 no significant differences were 
observed between results at the 95% confidence level. 
Comparing operationally the spectrophotometric and con- 
ductimetric methods, the former appears to be simpler as it is 
not necessary to control the temperature of the detector or to 
use an ion-exchange resin column in the flow system. 
However, the conductimetric method allows a slightly more 
rapid sampling rate (about 80 h-1) than the spectrophoto- 
metric (about 60 h-1) method. 
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